In 2012, the Veterans Health Administration (VHA) implemented guidelines seeking to reduce PSA-based screening for prostate cancer in men aged 75 years and older. OBJECTIVES: To reduce the use of inappropriate PSAbased prostate cancer screening among men aged 75 and over. SETTING: The Veterans Affairs Greater Los Angeles Healthcare System (VA GLA) PROGRAM DESCRIPTION: We developed a highly specific computerized clinical decision support (CCDS) alert to remind providers, at the moment of PSA screening order entry, of the current guidelines and institutional policy. We implemented the tool in a prospective interrupted time series study design over 15 months, and compared the trends in monthly PSA screening rate at baseline to the CCDS on and off periods of the intervention. RESULTS: A total of 30,150 men were at risk, or eligible, for screening, and 2,001 men were screened. The mean monthly screening rate during the 15-month baseline period was 8.3 %, and during the 15-month intervention period, was 4.6 %. The screening rate declined by 38 % during the baseline period and by 40 % and 30 %, respectively, during the two periods when the CCDS tool was turned on. The screening rate ratios for the baseline and two periods when the CCDS tool was on were 0.97, 0.78, and 0.90, respectively, with a significant difference between baseline and the first CCDS-on period (p<0.0001), and a trend toward a difference between baseline and the second CCDS-on period (p=0.056). CONCLUSION: Implementation of a highly specific CCDS tool alone significantly reduced inappropriate PSA screening in men aged 75 years and older in a reproducible fashion. With this simple intervention, evidence-based guidelines were brought to bear at the point of care, precisely for the patients and providers for whom they were most helpful, resulting in more appropriate use of medical resources.
INTRODUCTION
Recommendations regarding PSA-based prostate cancer screening have changed significantly over the past ten years. Appropriate patient selection is critical, given the increased evidence of the 10-to 20-year indolent nature of the majority of prostate cancer and in light of an improved quantitative understanding of the assessment of competing mortality risks 1 . In 2008, the U.S. Preventive Services Task Force (USPSTF) issued a grade D recommendation against PSA-based screening in men over the age of 74 years. 2 At that time, guidance provided by the National Comprehensive Cancer Network (NCCN) and the American Urological Association (AUA) agreed with the principle that screening was not helpful in men with a life expectancy of less than ten years, 3, 4 and both organizations more recently updated their guidelines to recommend against screening men older than 75 (NCCN) and 70 (AUA) years, or for whom life expectancy is less than 10-15 years. 5, 6 Despite these recommendations, studies from the last decade have demonstrated high rates of screening among older men. A comparison of self-reported screening rates among a national cohort of men aged 75 years and older from 2005 and 2010 showed no change in screening practices, and revealed an overall screening rate of over 40 % in this elderly age group. 7 A report from the Veterans Health Administration (VHA) in 2003 found that PSA screening was performed for 56 % of men aged 70 years and older and 36 % of men aged 85 and older. 8 A recent national survey of urologists and radiation oncologists found that 43 % still recommend screening in men 75-79 years of age. Longitudinal follow-up of elderly men screened in 2003 at the VHA confirmed that many suffered significant burdens from treatments for which benefits conferred were debatable. 9 In 2012, VHA leadership asked local facilities to address inappropriate overuse of preventive care and identified PSA screening in men aged 75 and older as a potential area for improvement. 10 In response, we created a clinical computerized decision support (CCDS) tool to remind providers of current recommendations against PSA-based prostate cancer screening for men in this age group. The tool, a Breminder order check,ô r Bpop-up^alert, was a new decision support option available within the VHA's Computerized Patient Record System (CPRS), and one that allowed the use of complex patientspecific logic to prompt an alert at the time that a provider ordered a PSA test. We hypothesized that implementation of a highly specific point-of-care CCDS tool would result in a reduction in inappropriate PSA screening in the elderly.
METHODS

Context
The study setting included all outpatient clinics in the Veterans Affairs Greater Los Angeles Healthcare System (VA GLA), a large urban academic VHA medical facility that includes a tertiary medical center associated with hospital-based primary care clinics, two ambulatory care centers, and eight communitybased outpatient clinics (CBOCs), with over 80,000 patients seen annually. As part of the VHA system, the VA GLA receives revenue based on a global budget, has a mature EHR system that has been in use for more than 15 years and interfaces with standardized regional and national databases, and has a strong culture of performance measurement and accountability. [11] [12] [13] Clinicians see numerous clinical alerts or reminders, and their performance is assessed in part on their response to a subset of these alerts. Report cards are used in some clinical areas, and performance is tied to modest financial incentives at the leadership and individual clinician levels. Team-based care is emphasized. Finally, multiple health services researchers are embedded within the clinical staff at the GLA. 14 Just prior to the initial study period, the USPSTF released its controversial and potentially confounding (from the standpoint of this study) recommendation against routine PSA screening for all men, not just those aged 75 and older. 15 
Computerized Clinical Decision Support Tool
Our project team comprised two internal medicine generalists (CG, PS), the Chief of Informatics (CG), an RN Clinical Applications Coordinator (LO), a staff urologist and informaticist (JS), and the Chief of Urology (CB). In addition, key primary care leaders reviewed the project and contributed to the wording of alerts.
We developed a pop-up as a means to alert providers ordering a screening PSA blood test in a patient 75 years of age or older (Table 1) . We defined a screening PSA as any PSA test ordered on a male patient aged 75 or older, excluding those with any of the following: a) a diagnosis of existing malignant or benign prostate disease, including a diagnosis of Belevated prostate-specific antigen^, b) use of either an enhancer or suppressor of testosterone, or c) a PSA level of 3.5 ng/ml or greater (3.5 ng/ml was the average cutoff level of two large randomized controlled trials on prostate cancer screening 16, 17 ) on either of their two most recent PSA tests. When triggered, a brief interruptive educational message was shown on the ordering screen: BThe US Preventive Services Task Force and VHA recommend AGAINST screening for prostate cancer in men 75 or older because the harms outweigh the benefits. Reconsider if this is a screening PSA.^ (Fig. 1) .
The pop-up gave the provider the option of continuing with or canceling the order, but did not require a justification for either action. No providers were exempted from receiving this reminder. The alert logic was validated by chart review using a convenience sample of 40 cases where a PSA test was ordered on men aged 75 and older. Of the 20 cases in which the alert would have been triggered, one was misclassified as a screening PSA because a pre-existing diagnosis of prostate cancer had not been electronically coded. Of the 20 cases in which the alert would not have been triggered, all patients were verified to have met at least one of our exclusion criteria. In all 40 cases, the ordered PSA test was performed. We estimated the impact of some of the alert criteria on the number of alert triggers, and found that within a 6-month window, the inclusion of men with benign diagnoses would have nearly doubled the number of alerts, and that the use of age alone as an exclusion criteria would have led to a nearly eightfold increase in alerts. We used the taxonomy outlined by Wright et al. to describe the decision support content. 18 
Implementation
The wording of the alert was not pilot-tested, nor were comments solicited from providers beyond the process described above. The alert was activated June 1, 2012, without specific 
Data Analysis
With regard to the screening rate, to define the denominator, we used the same definition of screening PSA as that used for the pop-up alert, and to determine the numerator, we used the number of PSA orders on a monthly basis in unique patients who had a visit to any primary care clinic. We used a prospective interrupted time series study design, turning the reminder on from June through August 2012 and from January through April 2013. The off periods were September through December 2012 and May through August 2013. As a baseline, we selected the previous 15-month period, from March 2011 through May 2012. We used a narrow (i.e., monthly) time interval to better attribute changes in PSA screening rates to the pop-up. To calculate the unadjusted screening rates for each month in the study period, we used the pop-up definition of screening PSA to define the eligible at-risk patients for the denominator, and the count of PSA orders in unique patients who had a visit to any primary care clinic for the numerator. We also fit a Poisson regression with five linear splines, one for each study period. From the resulting model, we estimated the log screening rate for each month and then calculated the screening rate ratio (SRR) and 95 % CI for each period by exponentiation of the linear combinations of the spline coefficients and testing for significance (equality of one) within each study period. Equivalence of SRRs between study periods was tested with linear contrasts of the spline coefficients. We plotted the observed and estimated rates for each month and the 95 % confidence band around the estimated rates (Fig. 2) . We performed sensitivity analyses of some specifications of the pop-up logic, including the exclusion of PSA orders in patients with benign prostatic diseases and the impact of a PSA cutoff of 3.5. To facilitate external comparisons to annually reported screening rates, we compared monthly screening rates to the annual screening rate for calendar-year 2011.
This study was granted exempt status by the VA GLA institutional review board. Data was obtained through a series of Veterans Health Information Systems and Technology Architecture (VistA) extracts.
RESULTS
During the 30-month analysis period, 30,150 men aged 75 years and older were Bat risk^or eligible for screening, meaning they had a visit and did not meet any of our alert exclusion criteria. Of these, PSA tests were ordered for 2,001 ( Table 2 ). The unadjusted mean monthly screening rate during the 15-month baseline period was 8.3 %, and during the 15-month intervention period, was 4.6 %. The annual screening rate during calendar-year 2011 was 27.4 %, as compared with the average monthly rate of 9.2 % during the same time frame, which would be expected in a patient population that often makes more than one annual visit to primary care. Turning the CCDS reminder on corresponded with sharply decreasing screening rates, which dropped from 6.7 % to 2.7 % during the first on period and 5.0 % to 3.5 % during the second on period. Turning the alert off corresponded with similarly sharp increases in screening rates, from 2.7 % to 5.0 % in the first off period and then from 3.5 % to 6.6 % in the second off period (see also Fig. 2 ). The reproducibility of this effect suggests a screening rate reduction as a result of the CCDS tool that was above and beyond the already decreasing baseline trend.
Within each study period, there was a significant change in estimated monthly screening rates, as evidenced by the SRRs from the regression analysis, which were all significantly different from 1 (p<0.0001 for all SRRs) (Table 2, Fig. 2) . Looking between periods, the rate of decline in SRR was significantly greater in the reminder-on (1) period compared to the baseline (SRR 0.78 vs. 0.97, p<0.0001); a trend was seen toward a steeper rate of decline in the reminder-on (2) compared to the baseline (SRR 0.90 vs. 0.97, p=0.056). Both reminder-off periods showed significant and similar increases in SRRs compared to the baseline trend (SRR 1.16 and 1.16 vs. 0.97, respectively; both p <0.0001) as well as compared to the preceding reminder-on periods (all p <0.0001).
To evaluate the impact of excluding PSA tests performed in men with benign prostate diseases, we performed sensitivity analysis of the unadjusted monthly screening rate in 2011 using a definition of screening PSA that did not exclude prior diagnoses of benign prostate disease. This showed an expected increase in both at-risk and screened men of 42.9 % and 39.7 %, respectively, with an estimated monthly addition of an average of 70.5 men for whom receiving PSA screening would be classified as inappropriate. The effect on the screening rate, however, was small, with an absolute difference of 0.6 % and an average percentage difference of 12.2 %. The May 21, 2012 release of USPSTF recommendations against all PSA screening occurred 10 days prior to the initiation of our intervention, and was accompanied by widespread media coverage. 15 The rate of decline during the On-1 period was significantly greater than that of the On-2 period (p<0.01), suggesting an additive effect from this event.
DISCUSSION
We demonstrated a significant reduction in PSA-based screening for prostate cancer in men aged 75 years and older through the use of a highly specific and targeted CCDS pop-up alert. While we identified a secular trend of decreasing PSA screening, our study demonstrated significant reductions in PSA screening among men aged 75 and older that were most likely attributable to the pop-up, as underscored by the significant increase in screening rates during both off periods despite ongoing media coverage of the USPSTF's controversial recommendation to discontinue all PSA screening.
At the core of the current debate regarding the benefits and harms of PSA-based prostate cancer screening is evidence derived from an era in which PSA screening was applied relatively indiscriminately to men over the age of 50, and in which treatment was applied indiscriminately to those diagnosed with prostate cancer. 16, 17 Both the detection and management of prostate cancer have since been refined, and one area of consensus is in the avoidance of screening among men aged 75 and older. While screening may benefit some men in this age group, avoidance is considered the default, and instruments like ours can be part of efforts-as exemplified by the Choosing Wisely campaign-to encourage appropriate use of health care resources. 5, 6, 20, 21 This study supports prior work demonstrating the capacity of health information technology to improve processes of care and of CCDS to change provider behavior. [22] [23] [24] Our study found a median benefit of 2.1 % to clinical process-of-care measures, similar to the rate of 3.8 % found in a 2009 Cochrane Review on the effect of CCDS on process of care. In the same Cochrane Review, only 4 of the 32 included studies looked at CCDS tools as a way to reduce unwanted behavior. 24 Our study adds to the small number of studies in this area, and appears to confirm the finding that CCDS instruments are equally effective at increasing and decreasing behaviors. It also demonstrated a significant change in provider behavior, despite a relatively small gap in quality.
One problem with CCDS tools and other alerts is alert fatigue. A recent review found that providers overrode alerts 49-96 % of the time. 25 In one study, VHA clinicians rated only 11 % of reminders as clinically relevant, and in another study, a VA researcher found that 80 % of drug interaction warnings were ignored. 26, 27 Studies of CCDS tools that allow for more complex data input have shown better performance of alerts. 28, 29 One human factors analysis of medication alerts identified 15 ways to improve alerts, with the reduction of redundant alerts and the inclusion of adequate information to facilitate physician decision-making as two of the most important. 30 The CCDS instrument that we developed used complex trigger criteria to favor specificity over sensitivity in an attempt to limit false triggers and to avoid contributing to alert fatigue. We believe that the combination of a highly specifiable pop-up architecture such as ours and the electronic availability of a wide range of structured clinical data (including inpatient and outpatient diagnosis and procedure codes, laboratory, pharmacy, demographics, and problem list data) allowed our alert to be more targeted than most previously reported CCDS tools, which may have contributed to its success. 28, 29, [31] [32] [33] Formal development of the alert language through focus groups and solicited feedback may have further improved its performance.
While this study was not designed to evaluate provider learning, we assumed that providers would learn from the alert, and thus an alert would not need to be triggered for every patient in order to change provider behavior. However, the complete rebound in monthly screening rates observed during each off period suggests that provider learning during the study period was limited. This may reflect the narrow implementation strategy or the rotation of resident physician staff in some clinics, although only a minority of the clinics were resident-staffed. Additional investigation of the barriers to and facilitators of provider learning could direct further CCDS tool and implementation refinement. 34, 35 To determine the clinical importance of the intervention that was employed, we estimated the expected number of screenings that might be prevented with continuous use of this tool. We calculated the difference between the mean number of men screened during the final months of the on and off periods (41), and annualized it to arrive at an estimate of 492 screenings prevented over a period of one year. In the VHA in 2003, biopsies were performed on 21 % of men over the age of 75 with a PSA greater than 4.0, and 11 % of all men 75 and older with a PSA above 4.0 were treated. While these rates are likely greater than those in current practice, if we apply them to our population, we estimate that use of the CCDS tool in GLA would prevent up to 103 biopsies and the possible overtreatment of 54 men each year. 9 These estimates are relatively small, but easy to achieve. Moreover, the relative ease of scaling this targeted and simple intervention across the VHA would be expected to multiply these favorable effects.
LIMITATIONS
External validity may be limited outside the setting of large integrated healthcare systems with mature EHRs and a strong quality improvement culture. We measured the correlation of PSA lab ordering with the on-off status of the CCDS tool, but did not directly measure whether PSA orders were canceled as a result of CCDS use. Furthermore, we measured screening rates by PSA lab orders and not by resultant lab values, possibly introducing some measurement error, although no such discrepancy was seen in the alert logic validation. Moreover, orders are a better reflection of provider intent, and this was the target of the intervention. The specificity of the CCDS alert logic may have underestimated the screening rate. We did not measure practice-, provider-, or patient-level factors (the collection of which was beyond the scope of the project), increasing the chance of a type I error.
CONCLUSION
The implementation of a highly specific CCDS tool alone was shown to significantly reduce inappropriate PSA screening in men aged 75 years and older in a reproducible fashion. Through this simple intervention, evidence-based guidelines were brought to bear at the point of care for precisely the patients and providers for whom they were most helpful, resulting in a more appropriate use of medical resources. As electronic health record systems are becoming more sophisticated, the opportunity to develop more specific BpersonalizedĈ CDS alerts is growing, and is worth considering in many clinical situations. 
